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LCD HEATER UTILIZING Z-AXIS 
CONDUCTIVE ADHESIVE TO ATTACH BUS 

BARS TO TO 

This invention relates to a heater for a liquid crystal 
display. More particularly, this invention relates to an LCD 
heater including bus bars attached to a conductive heater 
member via a flexible Z-axis conductive adhesive. 

BACKGROUND OF THE INVENTION 

Liquid crystal displays (LCDS) have found widespread 
usage in the prior art, one Such display being, for example, 
of the twisted nematic liquid crystal type. Such LCDs 
operate by applying an alternating Voltage potential between 
opposing electrodes Sandwiching a liquid crystal layer ther 
ebetween. Twisted nematic LCDs used, for example, in 
cockpits of air vehicles typically include a matrix array of 
pixels and a corresponding backlight for illuminating the 
elements. These pixels are often temperature dependent with 
respect to their normal operating characteristics in that an 
LCD relies upon the behavioral characteristics of its twisted 
nematic layer as it is exposed to driving Voltages. Because 
Such voltage-related behavior of the liquid crystal (LC) is a 
function of temperature, the overall performance of the 
corresponding display is temperature dependent. When 
below a predetermined temperature, twisted nematic LC 
material does not behave in a consistent manner. 
Accordingly, the LC material in Such situations must be 
heated to a predetermined temperature in order to achieve 
Satisfactory functionality. 
LCD heaters are known in the art. For example, see U.S. 

Pat. Nos. 4,643,525; 4,727,835; 5,247,374; and 5,523,873. 
LCD heaters, including a conductive ITO coating depos 

ited on a transparent glass Substrate, are old and well-known 
in the art. In such heaters, the indium tin oxide (ITO) heater 
coating is typically energized by way of a pair of parallel bus 
bars aligned along a planar Surface of the ITO. Such bus bars 
have typically been made of either SilkScreened conductive 
epoxy or deposited metal, the deposited metal including, for 
example, a tri-layer combination of chrome, nickel, and 
gold. Other conventional heater bus bars have been com 
posed of a Silver frit (fired Silver) deposited onto a piece of 
glass, with an ITO layer then deposited over the entire 
surface. Other bus bars have been fabricated using silver 
epoxy, thin film gold, thin film platinum, ultraSonic indium, 
and flexible circuitry. 

Unfortunately, Silver frit bus bars are costly and require 
Special expensive indium Solder to be used to attach wires to 
it. This special Solder is expensive, and thus undesirable. 
Prior art heaters where the silver bus bars are deposited 
directly onto the glass are undesirable due to thermal 
Stresses created in the Silver-to-Solder joint when the heater 
is turned on. It is these thermal Stresses that create the need 
for the Special indium Solder used to connect the wires to the 
bus bars. It has been found that wires attached with normal 
conventional solder (e.g. SN63)often fall off during evalu 
ation testing. 

Accordingly, there exists a need in the art for an LCD 
heater including bus bars attached to a conductive film, 
wherein the presence or effect of thermal Stresses are Sub 
Stantially reduced or even eliminated. Furthermore, there 
exists a need in the art for a cost effective heater which 
Satisfies the above-listed needs, and may be implemented 
with conventional non-Special Solder, and overcomes Step 
coverage reliability problems. 

SUMMARY OF THE INVENTION 

Generally Speaking, this invention fulfills the above 
described needs in the art by providing a liquid crystal 
display comprising: 
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2 
first and Second polarizerS Sandwiching a liquid crystal 

layer therebetween; 
electrode means for applying a Voltage across the liquid 

crystal layer; 
a heater for heating the liquid crystal layer, the heater 

including a heating conductive layer with first and 
Second bus barS mounted thereon; 

each of the first and Second bus bars including a metallic 
material that forms the majority of the bus bars, and a 
conductive protective coating that is coated on the 
metallic material; and 

wherein a Z-axis conductive adhesive is utilized to adhere 
each of the first and Second buS bars to the heating 
conductive layer So as to reduce thermal Stresses 
induced on Solder connections between the bus bars 
and the wires Soldered thereto. 

This invention further fulfills the above-described needs 
in the art by providing a method of making a liquid crystal 
display, the method comprising the Steps of: 

providing a liquid crystal display including a liquid crys 
tal layer; 

providing a heater for heating the liquid crystal layer, the 
heater being made by: (i) providing a conductive heat 
ing layer on a transparent Substrate; and (ii) adhering 
bus bars to the heating conductive layer by way of a 
flexible Z-axis conductive adhesive So as to reduce 
thermal Stresses induced on Solder connections 
between the bus bars and wires that are to be soldered 
thereto. 

This invention will now be described with respect to 
certain embodiments thereof, accompanied by certain illus 
trations wherein: 

IN THE DRAWINGS 

FIG. 1(a) is side cross-sectional view of a liquid crystal 
display (LCD) including a heater according to an embodi 
ment of this invention. 

FIG. 1(b) is a side cross-sectional view of an LCD 
including a heater according to another embodiment of this 
invention. 

FIG. 2(a) is an exploded perspective view of a heater 
assembly and corresponding display according to the FIG. 
1(b) embodiment of this invention. 

FIG. 2(b) is a perspective view of the ITO-coated glass 
from FIG. 2(a), as viewed from below. The FIG. 2(b) 
ITO-coated glass may be used in either the FIG. 1(a) or the 
FIG. 1(b) embodiment of this invention, depending upon 
which way the ITO-coated glass is oriented relative to the 
LC cell. 

FIG. 3 is a side cross-sectional view of a bus bar adhered 
to Supporting ITO-coated glass via a flexible Z-axis con 
ductive adhesive according to certain embodiments of this 
invention. 

FIG. 4 is an enlarged side cross-sectional view of area A 
of FIG. 3, showing the bus bar adhered to the ITO-coated 
glass with the encapsulating flexible adhesive. 

DETAILED DESCRIPTION OF CERTAIN 
EMBODIMENTS OF THIS INVENTION 

Referring now more particularly to the accompanying 
drawings in which like reference numerals indicate like parts 
throughout the Several ViewS. 

FIG. 1(a) is a side cross-sectional view of a liquid crystal 
display (LCD) according to an embodiment of this inven 
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tion. The display includes from the rear forward toward the 
viewer, rear transparent glass cover sheet (Substrate) 1, 
conductive heating layer 3 preferably made of a Substan 
tially transparent material Such as indium tin oxide (ITO), 
rear polarizer 5, rear transparent glass Substrate 6, individual 
LCD pixel electrodes 7, twisted nematic liquid crystal (LC) 
layer 9, common electrode 11, front transparent glass Sub 
Strate 12, front linear polarizer 13, and front glass cover 
sheet 14. AS illustrated, the Viewer views imageS which are 
transmitted outwardly from the pixels of the LCD. 

FIG.1(b) illustrates another embodiment of this invention 
where the ITO-coated glass is inverted relative to the FIG. 
1(a) embodiment. Thus, in the FIG. 1(b) embodiment, glass 
layer 1 is sandwiched between LC layer 9 and ITO heating 
layer 3, So that the heater wires can simply be attached to the 
rear Surface of the LCD. 

FIG. 2(a) illustrates the FIG. 1(b) embodiment. With 
reference to FIG.2(a) and FIGS. 3-4, conductive ITO heater 
layer 3 is first deposited onto transparent glass rear cover 
sheet 1, in a conventional manner, preferably via a vapor 
deposition process in which the ITO is disposed on glass 
sheet 1. A piece of conductive metallic material Such as 
copper in the shape of a bus bar, preferably from about 
0.001"-0.005" thick (most preferably about 0.002" thick) 21 
is coated with a thin conductive protective metallic coating 
(e.g. tin coating) 23. Tin (e.g. Sn or SnO2) coating 23, in 
certain embodiments, is from about 100-200 microinches 
thick. Two Separate bus bars 25 are made in Such a manner. 
These bus bars are then adhered to layer 3. 

FIG. 2(b) illustrates the transparent cover sheet 1 coated 
with ITO heater layer 3, in a position inverted relative to its 
position illustrated in FIG. 2(a). As will be recognized, the 
ITO-coated glass sheet shown in FIG. 2(b) may be utilized 
in either the FIG. 1(a) embodiment of this invention, or the 
FIG. 1(b) embodiment of this invention, depending upon 
how the FIG. 2(b) heating structure is oriented. When the 
FIG.2(b) heating structure is laminated to the LC cell so that 
cover sheet 1 is disposed between heating layer 3 and the 
liquid crystal material, then we have the FIG. 1(b) embodi 
ment. However, when the FIG. 2(b) heating structure is 
laminated to the LC cell such that ITO layer 3 is disposed 
between the liquid crystal layer and glass sheet 1, then we 
have the FIG. 1(a) embodiment of this invention. The FIG. 
1(b) embodiment is preferable. 

Referring to FIGS. 2(a), 2(b), 3, and 4, the resulting bus 
bars 25, each including the base conductive material 21 and 
protective conductive coating 23, are then attached to trans 
parent conductive ITO heater layer 3 using a flexible Z-axis 
conductive adhesive 29. Flexible adhesive 29 allows for 
thermal mismatch between ITO 3 and metallic bus bars 25, 
while maintaining electrical connection therebetween. 
Adhesive 29 includes a thermosetting adhesive material. In 
certain embodiments, this flexible adhesive 29 may be 
obtained from 3M as Model No. 5303R. This adhesive 
includes a plurality of Small conductive plastic metal-coated 
particles which allow electrical communication in only one 
axis (i.e. the Z-axis). Thus, current mainly only flows 
vertically between ITO layer 3 and the bus bars, and not 
horizontally to any great extent. 

In order to activate Z-axis adhesive 29, you must have 
heat (e.g. bonding head is 240° C. for fifteen seconds to 
bring adhesive temperatures up, and then held at 220 C. for 
twenty-seven Seconds). Thus a TAB bonding machine and 
process are used to adhere each of the two bus bars 25 to 
heater layer 3 via adhesive 29. Tin coating 23 on copper 21 
provides a protective coating for the copper and also pro 
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4 
motes solderability for wire 31 attachment to bus bars 25. 
Wires 31 may be attached to bus bars 25 at wire attachment 
areas 27, or at any other convenient place. When current is 
applied to heater layer 3 via wires 31 and bus bars 25, layer 
3 functions to heat up the LCD, and the liquid crystal layer 
therein. 
The Z-axis conductive adhesive 29 acts as a buffer 

between the thermal mismatch of the tin coated copper bus 
bars 25 and the ITO 3 covered glass 1, thereby reducing 
thermal Stresses induced on Solder connections between 
wires 31 and bus bars 25. This allows wires 31 to be attached 
to bus bars 25 using normal SN63 solder, while the con 
ductive particles in flexible adhesive 29 maintain the elec 
trical connection between layer 3 and the conductive bus 
bars. All of this occurs, of course, while the conductive 
particles in adhesive 29 maintain the electrical connection 
between ITO 3 and the bus bars thereby allowing the display 
to be heated via heater layer 3. 

Optionally, for LCDs where wires are attached to the ends 
of bus bars 25, an indium alloy solder #281 Indium Corp., 
Utica, N.Y.), may be used in order to improve end bonding 
characteristics. 
As set forth above, preferably, the main body of each bus 

bar 25 includes copper material 21, which is then coated 
with a tin (e.g. tin or tin oxide) coating 23. It is noted that 
these materials are merely exemplary, and other materials 
known in the art may also be utilized. 
A key feature to this invention is the use of Z-axis 

conductive adhesive 29 to attach each bus bar to ITO 3. AS 
a result of utilizing such an adhesive 29, wires 31 may be 
attached to bus bars 25 utilizing conventional SN63 solder 
in conjunction with a Soldering iron temperatures Set at a 
275 C. level, which is lower than conventional soldering 
temperatures. As shown in FIGS. 3-4, the adhesive 29 
encapsulates the Sides of the buS bars to a Substantial extent. 

Potential attachment of bus bars 25 to ITO heater layer3 
after LC cell lamination may help eliminate buS bar caused 
polarizer distortions. However, preferably, the bus bars are 
laminated to the ITO layer 3 prior to LC cell lamination. 
This invention also Substantially reduces Step coverage 
reliability problems. 

This invention is Surprisingly better than using an epoxy 
non-Z-axis conductive adhesive to attach bus bars to ITO, 
because Such adhesives are too rigid and often could not 
adequately handle temperature extremes or thermal mis 
matches. 

In certain embodiments of this invention, adhesive 29, 
when purchased, is in Strip form and has a thickness of 
approximately 0.001 inches. Following compression and 
setting between the bus bars and ITO layer 3, adhesive 29 
has a cured thickness of approximately 0.0004" (preferably 
from about 0.0002"-0.0010" thick). 
With respect to optical characteristics, adhesive 29 is 

opaque. It is also noted that adhesive 29 is utilized to bond 
the bus bars to ITO heater layer 3 outside of the viewing area 
of the LCD. 
As discussed above, it is important that adhesive 29 be 

flexible so as to reduce the effect of thermal stresses between 
the bus bars and ITO heater layer 3. Pointedly, adhesive 29 
must be flexible enough so that the thermal stresses between 
ITO layer 3 and bus bars 25 do not cause delamination 
(separation of a bus bar from ITO heater layer 3)of the bus 
bars from layer 3 when the heater unit is exposed to high and 
low Service temperatures. For example, Applicants have 
found that adhesive 29 is flexible enough so that when the 
illustrated unit is placed in a cold chamber having a tem 
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perature of approximately -55 C., and the heater is turned 
on and off approximately five hundred times, leaving it on 
and/or off for five minute intervals, delamination does not 
OCC. 

Likewise, adhesive 29 is flexible enough so that the unit 
does not delaminate when it is Subject to thermal shock 
when the unit is transferred from a -55 C. chamber to a 
+850 C. chamber, three cycles of transfer being utilized. In 
the thermal shock tests, the unit was present within each 
chamber for a period of one hour between transfers. 

Once given the above disclosure, therefore, various other 
modifications, features, or improvements will become 
apparent to the skilled artisan. Such other features, 
modifications, and improvements are thus considered a part 
of this invention, the scope of which is to be determined by 
the following claims. 
We claim: 
1. A liquid crystal display comprising: 
first and Second polarizerS Sandwiching a liquid crystal 

layer therebetween; 
electrode means for applying a Voltage acroSS Said liquid 

crystal layer; 
a heater for heating Said liquid crystal layer, Said heater 

including a heating conductive layer with first and 
Second bus bars adhered thereto; 

each of Said first and Second bus bars including a metallic 
material that forms the majority of each bus bar, and a 
conductive coating that is coated on Said metallic 
material; and 

wherein a flexible Z-axis conductive adhesive is utilized 
to adhere each of Said first and Second bus bars to Said 
heating conductive layer So as to reduce thermal 
Stresses induced on Solder connections between Said 
buS bars and wires Soldered thereto, Said Z-axis adhe 
Sive including a plurality of conductive particles therein 
and allowing current flow in Substantially only the 
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Z-axis direction between the heating conductive layer 
and the bus bars. 

2. The liquid crystal display of claim 1, wherein Said 
conductive coating is from about 100-200 microinches 
thick. 

3. The liquid crystal display of claim 2, wherein said 
coating includes tin. 

4. The liquid crystal display of claim 1, wherein Said 
metallic material that forms the majority of the bus bars is 
shaped in the form of said bus bars, and is from about 
0.001"-0.005" thick. 

5. A method of making a liquid crystal display, the method 
comprising the Steps of: 

providing a Substantially transparent Substrate; 
forming a Substantially transparent heating conductive 

layer on Said Substantially transparent Substrate; 
utilizing a Z-axis conductive adhesive to adhere first and 

Second bus bars to the heating conductive layer; 
connecting at least one conductive wire to each of Said 

first and Second bus bars, and 
providing the Substantially transparent Substrate, heating 

conductive layer, and buS bars on a display including 
liquid crystal material therein; and 

applying current or Voltage to the bus bars So as to heat the 
heating conductive layer thereby heating the liquid 
crystal material. 

6. The display of claim 1, wherein said adhesive is from 
about 0.0002 to 0.0010 inches thick after curing between the 
buS bars and the heating conductive layer. 

7. The display of claim 1, wherein said Z-axis adhesive is 
flexible enough so that delamination between the bus bars 
and the heating layer does not occur when the display is 
subjected to -55 C. temperature for at least one thousand 
minutes and when Subjected to Said temperature is turned on 
and off repeatedly 500 times. 

k k k k k 


